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Abstract

Kinetic reactivities of various allenic and acrylic esters in conjugate addition reactions with various amines were inves-
tigated. Competition experiments showed that amines reacted selectively with allenic esters, which was also confirmed by
quantitative determination of the rate constants. The antibacterial activity against Staphylococcus aureus of allenic and
acrylic ester derivatives were also determined. Allenic esters were found to exhibit a higher antibacterial activity than its
acrylic counterparts. A correlation between the kinetic property and the antibacterial activity suggested that a conjugate
addition may involve in the antibacterial mechanism of these unsaturated esters.
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Introduction

A conjugate addition is among the most important reac-
tions in chemistry. The reaction has been used not only in
organic synthesis [1-4], but also in the design of chemical
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probes for biological studies [5-8] as well as the design of
potent therapeutics [9-13]. Therefore, it is crucial to
investigate factors that play roles in efficiency of the
reaction. One important factor is the nature of the elec-
trophile in the reaction. Unsaturated esters such as acrylic
[14-18] and allenic esters [19-23] have been shown to be
effective electrophiles in conjugate addition reactions.
Previous studies have shown that a double bond in allenes
is thermodynamically more reactive than that of alkenes
[24]. However, comparative kinetic behaviors of allenes
and alkenes are less investigated [25-27]. To the best of
our knowledge, the kinetic difference between alkenes and
allenes in a conjugate addition reaction has not been
explored. We envisioned that a better understanding of the
difference in kinetics would promote further use of the
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conjugate addition to a greater extent. For instance, for
therapeutic drugs that rely on the conjugate addition
mechanism for their mode of action, knowledge in kinetic
studies would facilitate the development of these drugs
with enhanced potency [28]. A bioactive small molecule,
4-hydroxyphenyl acrylic ester, has previously been shown
to exhibit antibacterial activity against Staphylococcus
aureus (S. aureus) [29], a pathogenic Gram-positive bac-
terium that causes a widespread infection worldwide
[30-32]. The antibacterial mechanism has been proposed to
involve a conjugate addition reaction between acrylic ester
and a nucleophile on bacterial surface [29]. Therefore, a
modification of the conjugate accepting moiety from
acrylic to allenic esters may improve their antibacterial
activity. Comparison of the kinetic reactivity of conjugate
addition and the antibacterial activity may support the
proposed mechanism of this class of antibacterial small
molecules. This research is aimed at investigating the
kinetic difference between the allenic and acrylic esters in
conjugate addition with amines and correlating the differ-
ence with their antibacterial activity.

Results and discussion

A competition experiment was first performed to study the
difference between the kinetic reactivity of allenic and
acrylic esters in conjugate addition reaction. Ethyl allenic
ester and ethyl acrylic ester were used as model substrates.
Various amines such as primary amines (aniline, benzy-
lamine, and n-butylamine), secondary amines (dibenzy-
lamine and diethylamine), and cyclic amines (pyrrolidine
and piperidine) were used as a nucleophile. The ratios of
the conversions of the starting esters were calculated and
used to determine the relative reactivities of the two esters.
No secondary addition to the conjugated product of allenic
ester was observed in the reaction.

The result, shown in Table 1, suggested that ethyl
allenic ester (1) reacted faster with all amine nucleophiles
than ethyl acrylic ester (2). It is also noteworthy that a
primary amine reacts very slowly, giving only trace amount
(< 5%) of product (entries 2, 3) when compared with a
secondary amine (entries 4—7). Aniline, an aromatic pri-
mary amine, did not give any conjugate addition product
even after 6 h (entry 1), which agreed well with the pre-
viously reported low nucleophilicity of aniline in aprotic
organic solvent [33].

Competition experiments between aromatic allenic
esters and aromatic acrylic esters with various substituents
were also investigated (Table 2). Esters with different
substituents on the aromatic ring—including phenyl allenic
ester (3a), 4-nitrophenyl allenic ester (3b), 4-hydroxy-
phenyl allenic ester (3¢), 4-chlorophenyl allenic ester (3d),
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Table 1 Competition experiments of ethyl allenic and acrylic esters
with different amines
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Entry Amines Conversion/%* Ratio®
(allenic:acrylic)

1 Aniline® 0 NA¢
2 Benzylamine <5 N.AY
3 n-Butylamine <5 N.A¢
4 Dibenzylamine 11 6:1
5 Diethylamine 58 > 20:1
6 Pyrrolidine 58 > 20:1
7 Piperidine 62 > 20:1

“Combined conversions of both acrylic and allenic esters
®Conversions of allenic ester:acrylic ester (determined by '"H NMR)
“The reaction was performed and monitored for 6 h

9Not available

phenyl acrylic ester (4a), 4-nitrophenyl acrylic ester (4b),
4-hydroxyphenyl acrylic ester (4¢), 4-chlorophenyl acrylic
ester (4d)—were used as model substrates. Similar to the
result of ethyl esters, no secondary addition into the con-
jugate addition product of aromatic allenic esters was
observed. In all cases of primary amines and secondary
amines, allenic esters underwent the conjugate addition
reaction at a faster rate than acrylic esters. Phenyl allenic
ester (3a) showed exceptionally high selectivities toward
both primary and secondary amines (16:1 to 20:1) over
phenyl acrylic ester (4a).

The qualitative comparison of the kinetic reactivity of
allenic and acrylic esters in conjugate addition suggested
that allenic ester reacted faster than acrylic esters. We
further pursued the quantitative determination of the rate
constant of the reaction using a pseudo-first-order
approach. Ethyl allenic ester (1) and ethyl acrylic ester (2)
were chosen as the representatives for allenic and acrylic
esters, respectively. Preliminary result suggested that
addition of primary amines to allenic esters initially gave
an E product, which was gradually converted to a more
stable Z product. The presence of these kinetic and ther-
modynamic products complicated the kinetic investigation;
therefore, a secondary amine was used as a model sub-
strate. Pyrrolidine was chosen as a representative for an
amine nucleophile because the reaction with pyrrolidine
gave only a Z product, which simplified the kinetic
investigation. The concentration of the conjugate acceptor
was monitored using 'H NMR spectroscopy. The linear
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Table 2 Competition experiments of aryl allenic and acrylic esters with amines
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Entry Amines R=H (a) R=NO, (b) R=OH (¢) R=Cl (d)
Conv./%* Ratio” Conv./%* Ratio” Conv./%* Ratio® Conv./%" Ratio®

1 Aniline® 14 20:1 33 5:1 27 2:1 16 10:1
2 Benzylamine 61 20:1 88 11:1 55 20:1 58 20:1
3 n-Butylamine 58 20:1 75 11:1 47 8:1 32 11:1
4 Dibenzylamine 53 20:1 80 13:1 56 20:1 56 20:1
5 Diethylamine 51 20:1 63 11:1 56 16:1 40 20:1
6 Pyrrolidine 83 16:1 95 7:1 98 8:1 75 9:1
7 Piperidine 70 19:1 83 3:1 90 4:1 72 6:1

#Combined conversions of both acrylic and allenic esters
Conversions of allenic ester:acrylic ester (determined by 'H NMR)

“The reaction was performed and monitored for 6 h

graph-fitting was used to determine the observed rate
(Fig. 1a). The observed rates at various excess concentra-
tions of amine were used to determine the actual rate of the
reaction. The rate constant for ethyl allenic ester (1) was
2.99 x 107" M~" s7! (Fig. 1b) while that for ethyl acrylic
ester (2) was 2.33 x 103M ! s7! (Fig. 1c), approxi-
mately 100-fold slower. These rate constants verified that
allenic esters react faster in a conjugate addition reaction
than acrylic esters. The results correlate with the qualitative
result from the competition experiments.

As the mode of action of 4-hydroxyphenyl acrylic ester
in its antibacterial activity was suggested to involve the
ability of bacterial nucleophile to undergo conjugate
addition to the unsaturated vinyl moiety [29], we further
investigated whether the significant difference in kinetic
behavior between allenic and acrylic ester would play a
role in antibacterial activities. We performed susceptibility
tests of allenic esters in comparison with acrylic esters
against S. aureus. A library of phenyl allenic esters and
phenyl acrylic esters with various substituents on phenyl
ring were synthesized. We first performed qualitative
Kirby-Bauer disk diffusion method to screen for antibac-
terial activity against S. aureus strain ATCC 25923
(Table 3). The result suggested the vital role of unsatura-
tion in the observed antibacterial activity (entries 1 and 2
vs. entries 3 and 4). In addition, the aromatic ring is also
important in the antibacterial activity—aliphatic

unsaturated esters (entries 5 and 6) showed no inhibition
zones when compared with aromatic unsaturated esters.

We further performed a quantitative microdilution assay
with S. aureus strain ATCC 29213 to determine the mini-
mum inhibitory concentration (MIC) and minimum bacte-
ricidal concentration (MBC). The results are also shown in
Table 3. The MICs and MBCs of aryl allenic esters are
lower than those of the aryl acrylic counterparts with an
exception of the MBC of 4-nitrophenyl allenic ester (entry
9), which was comparable to that of the 4-nitrophenyl
acrylic ester (entry 10). As suggested by their MICs and
MBCs values, aryl allenic esters exhibited more potent
antibacterial activity against Gram-positive S. aureus than
aryl acrylic esters.

There is a correlation between the antibacterial activity
and the Kkinetic property of these small antibacterial
molecules. When compared with phenyl acrylic ester (4a),
phenyl allenic ester (3a) with higher kinetic reactivity in
conjugate addition reaction also showed higher antibacte-
rial activity (Table 4, entry 3 vs. entry 4). It is noteworthy
that aryl allenic esters with antibacterial activities showed
higher rates of conjugate addition than other esters (entries
3 and 5-7 vs. entries 1, 2, and 4). This trend suggested that
a mechanism of action of this class of compounds may
involve a conjugate addition.

We further investigated whether the substitutions on the
benzene ring affect kinetic behavior and antibacterial
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Fig. 1 Representatives of the linear graph-fitting in rate determination: a observed rate constant (addition of 10 equiv. of pyrrolidine to ethyl
allenic ester (1); b actual rate constant of ethyl allenic ester (1); ¢ actual rate constant of ethyl acrylic ester (2)

activity of aryl allenic esters. Selected aryl allenic esters
with different substituents (phenyl, 4-nitrophenyl, 4-hy-
droxyphenyl, and 4-chlorophenyl) were used to determine
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the rates of conjugate addition. We observed that the
antibacterial activity of the allenic esters could be influ-
enced by the substitution on the benzene ring. Further
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Table 3 Antibacterial activities

of allenic and acrylic esters Entry Compound Inhibition MIC/mM MBC/mM
determined by disk diffusion® zone/mm
and microdilution assayb o OH
1 AT s 957+033 100 10.0
OH
2 AT 722057  >100  >10.0
OH
3 NS B0 2 2335039 0625 0938
OH
4 T s 2013+1.10 0938 1.5
[0}
5 Aoy 6.00 NDS  ND¢
o
6 oy 6.00 NDS  ND
7 ~ D 5, 15.93£0.63  1.25 2.50
8 J O 4a 6.00 NDS  NDS
o NO,
9 sl 3 1436 +136 0469 250
o NO,
10 ST 15.67£043  0.625  2.50
Cl
11 ~ T 4y 2685059 250 500
Cl
12 T 4d 10.68 £0.38  5.00 10.0

2.5 pmol of test compounds in DMSO were used for disk diffusion testing

PEach compound was twofold diluted based on its stock concentration

“Not determined due to no inhibition zone in disk susceptible diffusion test

investigation on the role of substitution on antibacterial
activity is undergoing.

Conclusion
In summary, we found that allenic esters underwent a

conjugate addition of amine nucleophiles faster than that of
acrylic esters. Aryl allenic esters also exhibited higher

antibacterial activity than aryl acrylic esters. There is a
correlation between the rate of a conjugate addition of a
compound and its antibacterial activity, which implies that
a conjugate addition reaction may be an important step in
their mechanism of antibacterial activity. Further studies to
elucidate the mechanism of action of this class of
antibacterial compounds and a structural modification of
other bioactive compounds to include an allene moiety are
currently ongoing and will be reported in due course.
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Table 4 A correlation between

rate of conjugate addition and Rate
antibacterial activity of selected Entry Allenic ester constant’/ MIC/mM MBC/mM
allenic and acrylic esters M-l s—l
[e]
1 sHo~ g 0.00233" N.D.* N.D.
(0]
2 S oy 0.258 (0.299)" N.D. N.D.
3 S5, 3.01 125 10.0
4 SO, 0.0184° NDS  NDS
o NO,
5 S 3b 12.3 0.469 2.50
o OH
6 ~JJT 2.59 0.625  0.938
Cl
7 s I 2 5.96 2.50 5.00

“Rate constants of conjugate addition of pyrrolidine determined by UV spectroscopy

PRate constants of conjugate addition of pyrrolidine determined by NMR spectroscopy

“Not determined

Experimental

Unless specified otherwise, all reactions were performed
under an ambient atmosphere in oven-dried glassware with
magnetic stirring. Reactions conducted below ambient
temperature were cooled by external ice water bath for
0 °C. Reactions above ambient temperature were heated by
a silicone oil bath.

Purification of reaction products was carried out on
silica gel (SiO,; 60 A silica gel, Merck Grade, 70-230
Mesh). Analytical thin-layer chromatography was per-
formed on Merck TLC alumina sheet pre-coated with silica
gel 60 F254 plates. Visualization was accomplished with
UV light and aqueous potassium permanganate.

Commercial reagents were purchased from Sigma
Aldrich, TCI, Merck, and Alfa Aesar and used as received
unless otherwise noted.

Proton nuclear magnetic resonance (1H NMR) spectra
were recorded on a Bruker AVANCE 400 spectrometer
(400 MHz) in CDCl;. Chemical shifts are reported in ppm

@ Springer

from tetramethylsilane with the residual solvent resonance
as an internal standard (CDCl; at 7.26 ppm). Data are
reported as follows: (br = broad, app = apparent,
s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet; coupling constant(s) in Hz, integration).
Proton-decoupled carbon nuclear magnetic resonance ('>C
NMR) spectra were recorded on a Bruker AVANCE 400
(100 MHz) spectrometer in CDCl;. Chemical shifts are
reported in ppm from tetramethylsilane with the residual
solvent resonance as an internal standard (CDCl; at
77.0 ppm). Infrared spectra were recorded as a neat com-
pound on a Bruker ALPHA FT-IR spectrometer, and only
partial data were listed. High-resolution mass spectra were
obtained on a Bruker micro TOF spectrometer in the ESI
mode.

General procedure for preparations of aryl esters

To a suspension of 562 mg 2-chloropyridinium iodide
(2.2 mmol, 1.1 equiv) and 612 mg potassium carbonate
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(4.4 mmol, 2.2 equiv) in 20 cm® dichloromethane, the
corresponding acid (2.2 mmol, 1.1 equiv) and the corre-
sponding phenol (2.0 mmol, 1.0 equiv) were added. The
reaction was stirred at room temperature for 4 h. The
reaction mixture was then filtered through a silica plug,
washed with dichloromethane, and concentrated. The
residue was purified by column chromatography to yield
the desired product.

Phenyl 2,3-butadienoate (3a) The title compound was
synthesized according to general procedure with 185 mg
3-butynoic acid (2.2 mmol) and 188 mg phenol
(2.0 mmol) as starting materials. The product was purified
by flash column chromatography (5-10% EtOAc in hex-
anes) as a colorless oil (yield 180 mg, 56%). The 'H NMR
was found to be identical to the published data [34].

4-Nitrophenyl 2,3-butadienoate (3b, C;oH;NO,) The title
compound was synthesized according to general procedure
with 185 mg 3-butynoic acid (2.2 mmol) and 278 mg 4-
nitrophenol (2.0 mmol) as starting materials. The product
was purified by flash column chromatography (10-20%
EtOAc in hexanes) as a white solid (yield 127 mg, 31%).
'"H NMR (400 MHz, CDCls): 6 = 8.28 (d, J = 9.2 Hz,
2H), 7.33 (t, / = 9.2 Hz, 2H), 5.84 (t, J = 6.4 Hz, 1H),
540 (t, J=6.5Hz, 2H) ppm; *C NMR (100 MHz,
CDCl;): ¢ = 217.1, 163.1, 155.4, 145.2, 125.1, 122.3,
87.1, 80.2 ppm; IR (neat): v = 3118, 3074, 3042, 2998,
1965, 1743, 1592, 1515, 1489, 1344, 1314, 1216 cm™";
HRMS (ESI): m/z = 228.0270; 228.0273 calculated for
C,0H,NNaO, ([M + Na')).

4-Hydroxyphenyl 2,3-butadienoate (3¢, C;oHgO3) The title
compound was synthesized according to general procedure
with 185 mg 3-butynoic acid (2.2 mmol) and 220 mg
hydroquinone (2.0 mmol) as starting materials using ace-
tonitrile as a solvent. The product was purified by flash
column chromatography (10-20% EtOAc in hexanes) as a
colorless oil (yield 28 mg, 8%). '"H NMR (400 MHz,
CDCl;): 6=697 (d, J=89Hz, 2H), 679 (t,
J =89 Hz, 2H), 5.81 (t, J=6.5Hz, 1H), 532 (t,
J = 6.5 Hz, 2H), 5.30 (s, 1H) ppm; '>*C NMR (100 MHz,
CDCly): ¢ = 217.1, 163.1, 155.4, 145.2, 125.1, 122.3,
87.1, 80.2 ppm; IR (neat): v = 3407, 3071, 3038, 2990,
2963, 2920, 1968, 1705, 0601, 1508, 1446, 1421, 1342,
1231, 1186, 1127 cm™'; HRMS (ESD): m/z = 199.0372;
199.0371 calculated for C;oHgNaO; ([M + Na]™t).

4-Chlorophenyl 2,3-butadienoate (3d, C;oH,;ClO;) The
title compound was synthesized according to general pro-
cedure with 185 mg 3-butynoic acid (2.2 mmol) and
257 mg 4-chlorophenol (2.0 mmol) as starting materials.
The product was purified by flash column chromatography
(5-10% EtOAc in hexanes) as a white solid (yield 144 mg,
37%). 'H NMR (400 MHz, CDCls): 6 = 7.34 (d,

J=89Hz, 2H), 7.07 (t, J =89 Hz, 2H), 5.81 (t,
J = 6.5 Hz, 1H), 5.35 (d, J = 6.5 Hz, 2H) ppm; '>°C NMR
(100 MHz, CDCl5): 6 = 216.7, 163.9, 149.2, 131.2, 129.4,
122.9, 87.4, 79.9 ppm; IR (neat): v = 3098, 3038, 3072,
2990, 1970, 1721, 1487, 1420, 1405, 1322, 1204, 1167,
1126, 1086 cm™'; HRMS (ESI): m/z = 217.0033;
217.0032 calculated for C;oH,CINaO, ([M + Na]™).

Phenyl acrylate (4a) The title compound was synthesized
according to general procedure with 158 mg acrylic acid
(2.2 mmol) and 188 mg phenol (2.0 mmol) as starting
materials. The product was purified by flash column
chromatography (5-10% EtOAc in hexanes) as a colorless
oil (yield 104 mg, 35%). The '"H NMR was found to be
identical to the published data [29].

4-Nitrophenyl acrylate (4b) The title compound was
synthesized according to general procedure with 158 mg
acrylic acid (2.2 mmol) and 278 mg 4-nitrophenol
(2.0 mmol) as starting materials. The product was purified
by flash column chromatography (10-20% EtOAc in hex-
anes) as a white solid (yield 202 mg, 32%). The '"H NMR
was found to be identical to the published data [35].

4-Hydroxyphenyl acrylate (4c) The title compound was
synthesized according to general procedure with 158 mg
acrylic acid (2.2 mmol) and 220 mg hydroquinone
(2.0 mmol) as starting materials using acetonitrile as a
solvent. The product was purified by flash column chro-
matography (10-20% EtOAc in hexanes) as a colorless oil
(yield 17 mg, 5%). The "H NMR was found to be identical
to the published data [29].

4-Chlorophenyl acrylate (4d, CgH,ClO,) The title com-
pound was synthesized according to general procedure with
158 mg acrylic acid (2.2 mmol) and 257 mg 4-chlorophe-
nol (2.0 mmol) as starting materials. The product was
purified by flash column chromatography (5-10% EtOAc
in hexanes) as a colorless oil (yield 121 mg, 33%). '"H
NMR (400 MHz, CDCl3): 6 = 7.35 (d, J = 9.2 Hz, 2H),
7.08 (d, J = 9.2 Hz, 2H), 6.61 (dd, J = 17.3, 1.0 Hz, 1H),
6.31 (dd, J =173, 10.5 Hz, 1H), 6.03 (dd, J = 104,
1.0 Hz, 1H) ppm; *C NMR (100 MHz, CDCls):
0 = 164.2, 149.0, 133.0, 131.2, 129.4, 127.5, 122.9 ppm;
IR (neat): ¥ = 3106, 3068, 3043, 1739, 1635, 1486, 1404,

1293, 1248, 1198, 1143 cm™!; HRMS (ESD): m/
z = 205.0037; 205.0032 calculated for CoH;CINaO,
(IM + Na]™).

4-Hydroxyphenyl butanoate (5) The title compound was
synthesized according to general procedure with 194 mg
butanoic acid (2.2 mmol) and 220 mg hydroquinone
(2.0 mmol) as starting materials using acetonitrile as a
solvent. The product was purified by flash column chro-
matography (10-20% EtOAc in hexanes) as a colorless oil
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(vield 115 mg, 32%). The 'H NMR was found to be
identical to the published data [36].

4-Hydroxyphenyl propanoate (6) The title compound was
synthesized according to general procedure with 163 mg
propanoic acid (2.2 mmol) and 220 mg hydroquinone
(2.0 mmol) as starting materials using acetonitrile as a
solvent. The product was purified by flash column chro-
matography (10-20% EtOAc in hexanes) as a colorless oil
(yield 30 mg, 9%). The "H NMR was found to be identical
to the published data [29].

Competition experiments of allenic and acrylic
esters

The prepared stock solutions of allenic esters, acrylic
esters, aniline, benzylamine, dibenzylamine, pyrrolidine,
piperidine, n-butylamine, and diethylamine were prepared
at 60 mM in CDCls. 1,3,5-Trimethoxybenzene was pre-
pared as an internal standard at 20 mM in CDCl;. To an
NMR tube, 100 mm° of the allenic ester stock solution,
100 mm® of the acrylic ester stock solution, 100 mm°® of
1,3,5-trimethoxybenzene stock solution, and 200 mm°® of
CDCl; were added. The selected amine stock solution
(100 mm3) was then added to the NMR tube, making the
final concentration of the allenic ester, the acrylic ester, and
the amine 10 mM. The NMR data were collected at 1 and
6 h after addition of amine nucleophiles. The concentra-
tions of allenic and acrylic esters at the collected time were
calculated by their integration with respect to the internal
standard.

NMR kinetic experiments

Stock solutions of ethyl allenoate (6 mM), ethyl acrylate
(60 mM), and pyrrolidine (60 mM and 600 mM in CDCl5)
were prepared. A stock solution of 1,3,5-trimethoxyben-
zene (20 mM) in CDCl; was prepared as an internal stan-
dard. To an NMR tube, the stock solution of the selected
ester (100 mm®) and the stock solution of the internal
standard (100 mm?®) were added. CDCl; was then added to
the reaction mixtures at different quantity (Table S-1). A
solution of pyrrolidine (60 mM) was then added to the
allenic ester solution to give 600 mm® of the reaction
mixture with excess pyrrolidine (10 x—30 x) (Table S-1).
The reaction mixture was immediately subjected to NMR
quantification, and the concentration of starting ester and
conjugate addition product was calculated by their inte-
grations with respect to the internal standard for each
collection time. The data were processed to give pseudo-
first-order rate constant for each reaction condition. Ethyl
acrylate kinetic experiments were performed in the same
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manner with different starting concentration; 60 mM for
ethyl acrylate and 600 mM for pyrrolidine.

UV kinetic experiments

Stock solutions of ethyl allenoate (150 uM) and pyrrolidine
(1.50-4.50 mM) were prepared prior usage in the solvent
of choice. To a UV cuvette, 1 cm® each of solvent, ethyl
allenoate solution and pyrrolidine solution was added,
respectively. The scanning spectrum was recorded in
kinetics mode of Agilent Cary-60 UV-Visible spec-
trophotometer. The absorbance at 290 nm was used for
pseudo-first-order rate constant determination of each
condition (10 x-30 x). The rate constant determination of
other allenic esters was performed in the same manner.

Microbiology

The turbidity was measured using Wallac Victor V1420
Multilabel HTS Counter with rotating filter wheel B, at
A =595 nm in the photometry mode. The diameter of
inhibitory zones was measured using digital sliding cali-
pers. Muller—Hinton broth, Tryptic soy broth, and Bacto
agar are from BD (Spark, MD). Staphylococcus aureus
ATCC 29213 and ATCC 25923 were received as gifts from
Cornell University Food Safety Lab.

Bacterial strains and inoculums preparation

Allenic esters and acrylic esters were tested against Sta-
phylococcus aureus ATCC 29213 and ATCC 25923 in
antimicrobial disk diffusion susceptibility test and
microdilution test, respectively. A single colony of each
strain was picked and transferred into 5 cm® of Tryptic soy
broth (TSB) in a 15-cm® test tube, which was then capped
and incubated at 37 °C for 15-18 h. The suspension was
subsequently diluted in phosphate buffer saline (PBS) to
yield the appropriate inoculum density of 8 x 10’ CFU/
cm® for disk diffusion susceptibility test and 2 x 10° CFU/
cm® for microdilution assay. The inoculum was used within
15 min after adjusting the density. Note that the phosphate
buffer saline (PBS) was prepared by dissolving NaCl
(137 mM), KCI (2.1 mM), Na,HPO,-7H,0, and KH,PO,
(2 mM) in 1000 cm® of H,O. The pH of the resulting
solution was adjusted 7.4 and autoclaved at 121 °C for
15 min.

Disk diffusion susceptibility test (Kirby-Bauer
method) [37, 38]

Muller—Hinton agar (MHA) was prepared based on the
supplier instruction and autoclaved to sterilize. The steril-
ized agar was poured into 90-mm Petri dishes to acquire
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approximately 4 mm in thickness. After solidification,
tested strains were spread on the agar surface using sterile
swap. The spread inoculum was approximately 8 x 10’
CFU/cm®. The inoculated plate was allowed to stand at
room temperature for 3—10 min before the application of
disks (disks should be applied to the surface of agar plate
within 15 min). Subsequently, small filter paper disks
(6 mm) were placed on the bacterial spread agar plate, and
a solution of test compounds (2.5 pmol) diluted in DMSO
was transferred onto each paper disk. After 18-20 h of
incubation at 37 °C in ambient air incubator, the diameters
of inhibitory zones were measured in millimeters using
sliding calipers. The experiments were performed at least
three times.

For MHA plate, the zone diameter was measured from
the back of the plate. The inhibition zones were classified
as complete and incomplete inhibition. The complete zone
margin is identified as the area where no visible growth can
be observed by the naked eyes.

Microdilution method of antimicrobial
susceptibility test [37]

The stock solutions of synthetic compounds, which
exhibited an inhibition zone in the disk diffusion assay,
were prepared in DMSO. The stock solutions were doubly
diluted in sterilized Muller-Hinton broth (MHB) to obtain
the required concentrations. A 180 mm® aliquot of each
compound at different dilutions was transferred to steril-
ized 96-well plates. To the aliquot of tested compounds, a
20 mm? of test strain suspension, whose inoculum density
was adjusted to 2 x 10° CFU/cm3, was added to each well.
The plates were incubated at 37 °C for 20 h. After incu-
bation, the optical density of each well was determined
using a microplate reader. The minimum inhibitory con-
centration (MIC) was determined as the lowest concen-
tration with no visible growth (indicated by basal optical
density). The experiments were performed at least three
times.

Minimum bactericidal concentration test [37]

Based on the results from microdilution test, the solution of
a well that appeared clear or qualitatively exhibited basal
optical density was spread on TSA agar plate. The plate
was subsequently incubated at 37 °C for 18-20 h. The
lowest concentration that shows no colony is recorded as
the minimum bactericidal concentration.
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